Our objective was to identify an optimal single set of conditions for use in both indirect immunofluorescence assays (IEA) and in situ hybridization (ISH) to detect vital proteins and nucleic acids in avian lymphoid and neural tissues. Various fmtives were evaluated for use with IEA to detect mkey Herpesvirus (HVT) glycoprotein B (gB) and ISH to identify HVT mRNA in chicken tissues. A precipitating fixative (acetone) was compared to crosslinking fmtives [buffered glutaraldehyde-picric acid (BGPA), 10% formalin, and 4% paraformaldehyde] for both IFA and ISH using spleen, thymus, bursa, sciatic plexus, and brachial plexus of 28-day-old chickens. Four percent paraformaldehyde was found to be the optimal fixative for preservation of all chicken tissues examined with both IFA and ISH. Glass slide preparation,
Introduction
Indirect immunofluorescence (IFA) and in situ hybridization (ISH) can be used to detect proteins and nucleic acids in tissues. The established protocols for these two techniques usually incorporate different tissue processes and this presents problems when the two techniques are used on the same tissue.
Tissue fixation is one of the most critical components of tissue processing. Successful fixation of tissues includes minimal extraction of membrane proteins, prevention of dissolution of tissues during storage, and adequate morphological preservation (6) . Fixatives accomplish these objectives in different ways. Precipitating fixatives coagulate proteins by turning protein chains outwards, thus breaking the hydrogen bonds and salt links. This action reveals to a variable extent end groups of side chains, which interact further with the precipitating fixative (15) . Crosslinking fixatives preserve tissues by forming bonds with free amino groups on lysine residues, guanidino groups on arginine, and amide groups on asparagine ' Correspondence to: Margo S. Holland, Dept. of Pathology, B311 Clinical Center, Michigan State U,. East Lansing, MI 48824. incubation temperatures, and tissue processing were each individually evaluated for ISH and IFA. Silylated slides provided the best retention of tissue sections for both ptoceduces. For IFA, 37'C was the ideal incubation temperature tested, whereas the optimal incubation temperature tested for ISH was 47'C. Of the blocking agents compared, Evans blue dye prevented background fluorescence to a greater extent than either calf serum or bovine serum albumin. These findings provide a technical basis for investigations into various aspem of the molecular pathology of avian diseases. side chains (11) . Both precipitating and crosslinking fixatives cause alterations in the tertiary structure of tissue antigens, thereby interfering with both the penetration and binding of marker antibodies (6) .
Good immunohistology requires a balance between maintaining the immunogenicity of tissue antigens and preserving morphological detail. Precipitating fixatives such as acetone, methanol, or ethanol are generally used to fix tissues for IFA because they do not form additive complexes or block antigenic determinants (4,7). These fixatives are typically used for detection of antigens localized to the cytoplasm and plasma membrane (4.8). Precipitating fixatives have been judged better for the localization of a large group of tissue antigens compared with certain crosslinking fixatives (14).
In addition, precipitating fixatives allow the antibody greater accessibility to the antigen, but it may not penetrate the tissue sufficiently. The inability of most antibodies to penetrate the bond formed by crosslinking fixatives has limited the use of these fixatives in IFA. They have therefore generally been restricted to use for detection of antigens present on cell surfaces (8) .
Fixation of tissues for ISH must involve adequate immobilita-tion of nucleic acids, prevention of degradation of nucleic acids by enzymes, and often preservation of tissues for long storage periods. As with all histological techniques, ISH requires maximal morphological preservation of tissues. Tissues used by most investigators to detect nucleic acids are usually fixed with 4% paraformaldehyde. Buffered glutaraldehyde-picric acid (BGPA) has not been evaluated for use in detecting viral antigens and nucleic acids by IFA and ISH at the light microscopic level. Comparisons of the conditions needed to detect viral proteins and nucleic acids using IFA and ISH are also absent from the literature. The model infection used for this study was turkey Herpesvirus (HVT), with IFA and ISH applied for detection of viral glycoprotein and RNA in HVT-infected cells. To date, researchers have been unable to detect HVT antigens in infected chicken tissues. This may be the result of the fixative masking certain HVT antigens. In contrast to HVT-infected tissue cultures, cells containing HVT antigens are rare and the amount of antigen is probably low. The inability to detect HVT antigens in tissues was the main reason that this model was selected for these comparisons. This report compares various conditions for IFA and ISH, including crosslinking and precipitating fixatives, for the preservation of HVT-infected tissues.
Materials and Methods
Birds and Holding Facilities. Twenty-five-day-old chickens of an F1 cross between Regional Poultry research laboratory lines 1515 males and 71 females were obtained from a breeder flock that is known to be free of many avian pathogens, including Marek's disease (MD). Twenty chickens were inoculated intra-abdominally with 2000 plaque-forming units of strain FCl26 HVT, a serotype 3 MD virus. Separate Horsfall-Bauer isolators housed the HVT-infected and the five uninoculated control chickens under similar conditions.
Tissue Isolation. At 28 days post infection, 15 HVT-infected and five uninfected chickens were anesthetized with halothane. Overlying tissues were incised and reflected to expose the abdominal organs. The ribs were separated at the costochondral junction to expose the heart. A 20-gauge catheter was placed in the left ventricle and 5 mllkg BW of physiological buffered saline solution (PBS; 120 mM NaCI, 2.7 mM KCI, and 10 mM PO4 buffer, pH 7.4) was perfused into the heart. Once swelling of the heart occurred, the right atrium was incised to allow drainage of PBS and blood.
Each of the individual fixatives (4% paraformaldehyde. 10% formalin, BGPA) was perfused into one of three groups of five chickens at 5 ml/kg BW by gravity flow. The spleen, bursa, thymus, sciatic plexus, and brachial plexus were each removed and cut into 2-cm x 4-mm sections. The tissues were placed in tissue cassettes and immersed in 25 ml of the fixative for 24 hr. Fixed tissues were sectioned by standard paraffin-embedding techniques.
Preservation of Tissues. The alternate method of fixation was preservation by freezing. Tissues from one group of five birds were frozen, and the other three groups were preserved by fixation as described above. For preservation by freezing, tissues were immersed in 30% sucrose, a cryoprotectant that prevents the formation of ice crystal artifacts. Next, tissues were snap-frozen by submerging them in a container of liquid nitrogen. Isopentane, a mounting medium. was applied to a small section of tissue, and the tissue was adhered to a round cork for sectioning and stored at -70°C.
Peripheral Blood Mononuclear Cells. Two ml of blood was collected individually from 20 HVT-infected and five uninfected chickens into vacuum tubes that contained the anticoagulant heparin. Approximately 0.25 ml of blood was drawn into a capillary tube, and 2 drops were placed on a slide and smeared. Three groups of 90 smears were each fixed with either4% paraformaldehyde, acetone, or 10% formalin. Two hundred and forty blood smears were not chemically fixed. Buffy coat cells were removed from blood samples by centrifugation (IEC model HN-SII; Damon/IEC Division, Needham Hts. MA) for 20 min at 500 rpm. Buffy coat cells were collected and cytocentrifuged onto gelatin-, poly-~-lysine-coated, or uncoated slides (Tible 1).
Gelatin-coated Slides. Ninety slides were soaked in sulfuric acid diluted 2:1, rinsed with running water, soaked overnight in hot water with detergent, and rinsed with four changes of distilled water. The gelatin solution contained 0.1% calfskin gelatin and 0.01% chromium potassium sulfate that was filtered through Whatman #1 filter paper. The slides were dipped twice in gelatin. Next, the slides were dried at 37°C overnight and stored at room temperature (RT) with a desiccant.
Poly-L-lysine-coated Slides. Ninety slides were immersed in Triton-X for 2 hr. followed by a wash in running water for 1 hr. Slides were soaked in two changes of 100% ethanol for 10 min and allowed to air-dry. Slides were dipped in poly-L-lysine ([LI-polylysine. 50 pg/ml in 10 mM Tris-HC1, pH 8.0) for 30 min. Poly-L-lysine-coated slides were air-dried and stored at RT in a desiccator with silica gel.
Blocking Agents. Blocking agents were used to reduce nonspecific staining (Tables 1 and 2). Three groups of 90 tissue sections were treated with Table 1 . 3% H202 for 5 min and washed in saline solution. Each group of sections was then immersed in either 1% Evans blue dye at 37°C for 30 min, 3% bovine serum albumin at 37°C for 1 hr, or 10% calf serum at 37°C for 1 hr.
Blocking Agents. Blocking agents were used to reduce nonspecific staining (Tables 1 and 2). Three groups of 90 tissue sections were treated with 3% H202 for 5 min and washed in saline solution. Each group of sections was then immersed in either 1% Evans blue dye at 37°C for 30 min, 3% bovine serum albumin at 37°C for 1 hr, or 10% calf serum at 37°C for 1 hr.
Indirect Immunofluorescence assay. Six-pm-thick sections of spleen, bursa, thymus, sciatic plexus, and brachial plexus were placed on either poly-L-lysine-, gelatin-, or silylate-coated slides (Onascoe; Houston, TX).
Monoclonal antibodies (MAbs) L78 and IAN.86 were used as primary antibodies. MAb L78 is specific for HVT gB, and MAb IAN.86 crossreacts with HVT and MDV serotype 1 gB. MAbs were added to the slides at dilutions of 1:10, 1:20. 1:>0, 1:100. 1:500, and 1:lOOO.
Two hundred and fifty pl of MAb was added to slides that contained either mononuclear cells or tissue sections. The slides were incubated for 30 min at 37'C, RT, or on ice. The slides were washed three times with deionized water, followed by three washes with PBS. Two hundred and fifty pl of goat anti-mouse IgG conjugated to fluorescein isothiocyanate was added to the slides, which were then incubated at 37°C RT, or on ice for 30 min. The slides were washed three times with deionized water, followed by three washes with PBS. Coverslips were applied to the glass slides and examined with an ultraviolet microscope (Leitz-Wetzlar; Oberkochen. Germany)
In Situ Hybridization. The ISH procedure described by Brahic and Haase (2) was modified for use in this study. The BamHl F fragment of HVT was subcloned into pBluescript vector (pKS-). An HVT 32P-labeled DNA probe was made using a random primer DNA labeling system (BRL Life Technologies; Gaithersburg, MD) and was purified on a Sephadex G-50 column. Tissue sections were incubated with proteinase K (1 pglml) for 30 min in a humidified chamber at 37°C followed by a 1-min wash in deionized water. The sections were placed in 0.1 M triethanolamine, pH 8.0, for 1 min. The next step was a 10-min incubation in 0.1 M triethanolamine and 0.25% acetic anhydride at RT. The sections were washed in 2 x SSC (0.3 M NaCI, 0.03 M trisodium citrate, pH 7), dehydrated through graded ethanol washes, and air-dried. Probes were denatured at 100°C for 5 min and added to 50 p1 of hybridization buffer (50% deionized formamide, 3 x SSC, 10% dextran sulfate, 50 mM Na2P04, 1 x Denhardt's, 100 pg/ml yeast tRNA, 100 pglml denatured salmon sperm DNA, and 100 mM dithiothreitol). The concentration of the probe ranged from 6 x IO' to 1 x lo9 counts per min/M of DNA. Approximately 10 ng of probe DNA was added to each tissue section. The sections were covered with wax film cut slightly larger than the section to prevent evaporation of the hybridization buffer. Hybridization of the sections was performed in a humidifier chamber to prevent drying of the tissue sections. To determine the optimal hybridization temperature, sections were hybridized for 24 hr at 37°C 40°C 45"C, or 47" C.
Posthybridization For autoradiography, slides were dipped in Kodak nuclear track emulsion 2 (Eastman Kodak; Rochester, NY) in total darkness. The slides were placed in slide holders and then in a light-tight adjustable cut film developing tank (Yankee Photography; Phoenix, AZ). The slides were allowed to dry overnight at RT and were then incubated for 2, 4, 7, or 10 days at 4°C. The slides were developed in D-19 (Eastman Kodak) and fixed in Kodak Rapid Fix. The slides were washed in water and the tissues stained with hematoxylin and eosin.
Evaluation Criteria. Cellular morphology was used as the criterion to determine the quality of fixation before and after IFA and ISH. "Excellent" morphology was characterized by the presence of clear cell outlines, nuclear and cytoplasmic boundaries, and the ability to differentiate cell types. With "good" morphology the cell outlines were less distinct. The inability to distinguish cell margins was judged as "poor" morphology. With IFA. slides with fluorescent cells after staining with MAb L78 or IAN.86 were considered positive and cells exhibiting no fluorescence were considered negative. A designation of 3 + indicates more than 100 positive fluorescing cells, 2 + had 50-99 positive cells, 1+ had 25-50 positive cells, and + Ihad less than 10 positive cells.
Fimtion
After fixation of tissues, the sections were evaluated for base morphological preservation. The cellular morphology of formalin-fixed tissue was good before further processing. However, after processing for IFA, the cellular morphology of formalin-fixed tissues was reduced to poor. On the basis of these results, formalin was regarded as an inappropriate fixative for IFA on tissues in this study. In contrast, cellular morphology was excellent after performance of ISH on formalin-fixed tissues. Both BGPA-and 4% paraformaldehyde-fixed tissues had excellent cellular morphology before IFA and ISH. In addition, the quality of morphology was regarded as excellent after treatment of these tissues for ISH and IFA. The precipitating fixative acetone provided poor fixation in relation to cellular morphology before and after treatment of tissues. Four percent paraformaldehyde provided excellent fixation of both cytocentrifuged peripheral blood mononuclear cells (PBMCs) and blood smears. Acetone and formalin produced good morphology of PBMCs and blood smears. Therefore, comparison of BGPA. 4% paraformaldehyde, formalin, and acetone demonstrated that 4% paraformaldehyde was superior for fixing chicken tissues and PBMCs for IFA and ISH.
Immunocytochemistry
Evans blue decreased background fluorescence more efficiently than did either bovine serum albumin or calf serum (Tables 1 and 2).
The fixatives BGPA and 4% paraformaldehyde allowed staining of tissues with MAbs. Positive fluorescing cells were identified more consistently in tissues incubated at 37°C than at RT or on ice.
After performance of IFA on avian blood, nonspecific fluorescence of the nucleated red blood cells (RBCs) by isothiocyanate fluorescein was seen. To decrease this background fluorescence, various blocking agents were tested (Tables 1 and 2). Neither bovine serum albumin nor calf serum reduced background fluorescence. However, the addition of Evans blue changed the nonspecific fluorescence of RBC to a dull yellow color, thus enabling easy differentiation of RBCs from the positive apple-green fluorescing cells.
The preparation of blood smears and cytocentrifugation determined which method to use for preparing cells for subsequent IFA. Nonspecific fluorescence of RBCs in blood smears compounded the problem of clearly identifying positive fluorescing PBMCs in IFA. Separation of PBMCs from RBCs was followed by cytocentrifugation. which allowed concentration of mononuclear cells for examination using IFA. PBMCs affixed to glass slides by cytocentrifugation were positive for fluorescence in the IFA.
The background fluorescence was higher with air-dried cells than with fixed samples, making this approach unsuitable for IFA. The best results were obtained using 4% paraformaldehyde (Tables 1 and 2), for which the fluorescence was bright green and background fluorescence was low (Figure 1) . In contrast, acetone-fixed positive cells had a less intense green color and slightly higher background fluorescence. Positive cells fixed with formalin had patchy yellowgreen fluorescence and background levels were high.
The antibodies compared were IAN.86, an MAb that reacts with HVT and MDV serotype 1 gB. and L78. which reacts only with HVT gB. MAb L78 gave superior results. based on samples being consistently positive (Table 1) . Few positive cells were seen after treatment with MAb IAN.86. and the results were not consistent from sample to sample. However, the conditions that proved optimal for detection of gB by MAb L78 also were optimal for IAN.86. The dilution of L78 that gave positive fluorescence with the lowest background levels was 1:IOO. The background level of fluorescein staining was high with very concentrated dilutions, such as 1:10. In comparison. dilute preparations such as 1:lOOo had low background but few cells stained positively. Incubating cells and antibodies at a temperature of 37°C gave consistently positive fluorescing cells
Figure 1 Photomicrograph of peripheral blood mononuclear cells from a chicken infected with HVT after immunostaining for HVT gB The conditions for indirect immunofluorescence assay included fixation with 4O/o paraformaldehyde, blocking the cells with Evans blue, staining with MAb
L78 at a 1 100 dilution. and an incubation temperature of 37'C Bar = 10 pm (Tables 1 and 2). However. incubation of cells for IFA at RT produced fewer positive fluorescing cells. which were not consistently positive between samples. In addition, incubating cells on ice gave negative results. Therefore, 37°C was seen as the optimal temperature compared with RT and incubation on ice.
Coating of Slides
Retention of tissue sections on slides treated with various coatings is shown in Table 3 . Tissue sections did not readily adhere to uncoated slides. Poly-L-lysine-and gelatin-coated slides still allowed loss of tissue sections. However, silylated slides produced the best results, as sections were not lost after performance of either ISH or IFA. Table 4 shows the results obtained when parameters for optimal ISH were compared. Although acetone-fixed tissues had positive foci. the cell morphology was so poor that cell outlines could not be identified. On the other hand. with all the crosslinking fixatives the cell morphology was excellent after ISH. However. formalinfixed tissues had a smaller number of foci in positive tissue sections. BGPA and 4% paraformaldehyde gave comparable results.
In Situ Hybridization
However, the number of positive foci and tissue sections was highest with 4% paraformaldehyde-fixed tissues . Figures 2A. 2B. and 2C demonstrate the grain density of positive foci with formalin. 4% Paraformaldehyde-. and BGPA-fixed tissues, respectively. Because the tissue sections were not heated before addition of the probe. HVT DNA was not accessible. Therefore. the probe hybridized to HVT RNA. Tissues incubated at 47°C had the greatest number of positive foci. In addition. tissues immersed in emulsion for 4 days at 4°C had the lowest background grains compared with longer incubation times. The conditions tested with lymphoid tissues worked equally well with neural tissues. 
Cell morphology was very poor with this fixative
Tissues were fixed in 4% paraformaldehyde.
Discussion
We have identified a single set of conditions optimal for performing both IFA and ISH on alternating sections from the same tissue sample in chicken lymphoid and neural tissues. ISH and IFA are intricate procedures that depend on the interrelationships among a number of factors, such as fixation, immunological reagents and their concentrations, probes, blocking agents, coating of slides, incubation temperature, and tissue type. This study is one of the few comprehensive studies that examines methods for detecting the presence of viral proteins and nucleic acids in the same tissues. Other investigators have performed immunohistochemistry (IHC) and ISH in tissues. However, the majority of these studies examined cellular proteins and nucleic acids. The fixatives used and the tissues they preserved varied extensively among these studies, with an absence of any standardization or qualitative assessment between common procedures. Brain cultures were fixed with a mixture of formaldehyde, glutaraldehyde, and picric acid for use in IFA compared to fixation of cultures with 4% paraformaldehyde for use in ISH (22) . However, another study (3) fixed rat brain with 4% paraformaldehyde for IHC and used unfixed brain for ISH. Ichikawa and Ajiki (10) fixed tissues with 4% paraformaldehyde and 0.4% glutaraldehyde for use Table 4 . obtimal condrtions for ISH in tissuesa' in ISH, whereas tissues used for IHC were frozen. Bouin's fluid and 10% formalin have also been used as fixatives in IFA and ISH (12) . One study used 4% paraformaldehyde to fix tissues for detection of viral nucleic acids by ISH, and at the same time cellular proteins were identified with IFA (17). These studies reflect the many differences found in the literature in procedures used for IHC and ISH. Our study attempts to standardize some of the variables for IFA and ISH in the detection of HVT antigens and RNA. In addition, the comparisons may provide a guideline for some investigators to follow when fixatives and other parameters for IFA and ISH are chosen.
Fixation of tissues is one of the most important components of IFA and ISH. Fixation begins at the periphery of the tissue and proceeds inward. The speed of the inward progress is critical because postmortem autolysis can occur in the center of the specimen if the speed is slow (16). By comparison, perfusion-fixation yields more homogeneous preservation and uniform staining of cells in tissues. Therefore, perfusion-fiition achieves better staining patterns than immersion-fixation (9) .
We provide the first published account using BGPA to fix tissues for subsequent use in the detection of viral nucleic acids by ISH. Even though BGPA provided excellent results, its carcinogenicity is a factor that must be considered before it is used.
Formalin is believed by some to be the fixative of choice for histochemistry because it is easy to prepare, inexpensive, provides consistent morphological preservation, penetrates tissues swiftly, and is suitable for most stains (6). However, formalin was unsuitable for IFA in our studies because positive fluorescence could not be differentiated from background fluorescence. This effect was independent of the blocking agent, concentration of MAb, or temperature of incubation.
ISH results were consistently negative when formalin-fixed tissues were examined. Formalin reduces the amount of accessible DNA and RNA by 10-3596, and this could account for its poor performance in ISH assays (18) . On the basis of this information, the poor results obtained by IFA on formalin-fixed tissues may have resulted from extensive crosslinking of proteins, thus inhibiting immunoreactivity. Greater accessibility of the probe and antibody to their target is required before formalin-fixed tissues can be used in ISH and IFA. The widespread use of formalin in anatomic pathology makes the development of MAbs that can be used on these tissues important. MAbs that can circumvent the problems encountered when formalin-fixed tissues are used in IFA would be of diagnostic use in retrospective studies (1,19,21) .
We chose an MAb over a polyclonal antibody because of its greater specificity. Antibodies chosen for IFA should balance sensitivity and specificity, because an increase in one result may result in a decrease in the other (13) . Comparison of dilutions of MAb L78 revealed that dilutions around the 1:100 range had low background staining and the highest number of cells with positive fluorescence.
IFA is sometimes performed on frozen tissue sections because of the conformational changes in the structure of proteins caused by fixation. After fixation, the change in tertiary structure of the antigen may hinder accessibility of the antigenic determinant, thus making frozen sectioning a viable option (6) .
Blocking agents decreased the nonspecific background fluorescence observed with avian nucleated RBCs. Fixatives insert free aldehyde groups on proteins that can nonspecifically bind to fluorescein-conjugated antibodies. thereby increasing background fluorescence (5.20). Only Evans blue decreased the background staining to any appreciable degree. Evans blue changed the staining of the RBCs from the green color seen with positive fluorescence to a dull yellowish color that allows differentiation from positively staining cells.
Because of the cost of performing IFA and ISH, retention of the tissue sections on the slide is of the utmost importance in optimizing conditions. Silylated slides provided the best results in our hands.
The tissue type did not influence the results obtained with ISH to any appreciable extent. However, lymphoid tissue had more positive foci than neural tissue. This can be explained by a predilection of the virus for lymphocytes rather than as an actual consequence of tissue type.
In conclusion, proper fixation of tissues is a prerequisite for the detection of both proteins and nucleic acids. The choice of the appropriate fixative can mean the difference between negative and positive results. Technology has advanced beyond the point ofsimply preserving tissues with formalin. Although the results of this study indicate that 4% paraformaldehyde is an excellent choice of fixative for ISH and IFA at the light microxopic level, further studies are required to determine the optimal fixative for newer techniques such as confocal microscopy, multiple fluorescence labels, and in situ polymerase chain reaction.
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